Introduction: We conducted a cross-sectional population-based survey in New Zealand that collected information on work history, current workplace exposures, and selected health outcomes. We report here the findings on occupational risk factors for asthma symptoms.
INTRODUCTION
The proportion of asthma cases attributable to occupational exposures has generally been estimated to range between 15 and 20% (Blanc and Toren, 1999; Balmes et al., 2003) . However, substantially higher estimates were recently reported by a study of the entire employed population of Finland from 1986 to 1998, which estimated that the attributable fraction of adult-onset asthma due to occupation was 29% for men and 17% for women (Karjalainen et al., 2001) . Certain occupational groups are known to be at particularly high risk of occupational asthma, including laboratory workers, healthcare workers, construction workers, bakers, woodworkers handling western red cedar, and chemical workers *Author to whom correspondence should be addressed. Tel: þ64-4-801-4986; fax: þ64-4-380-0600; e-mail: a.j.eng@massey.ac.nz exposed to isocyanates. However, many of these findings are from studies in specific industries, and only some have been investigated in epidemiological studies of the general population. A previous population-based study in New Zealand (n 5 1609) found increased risks of asthma symptoms for current employment as a farmer or farm worker, laboratory technician, and food processing worker (other than baker). Excess risks were also observed for chemical workers and plastic and rubber workers, but the numbers were relatively small (Fishwick et al., 1997) .
The nature of work is continually changing and new exposures are emerging. Thus, the aims of this study were to (i) identify occupations currently associated with an increased risk of asthma and (ii) identify any previously unrecognized risk factors for occupational asthma. We have, therefore, conducted a nationwide survey of a random sample of the New Zealand population (A. Eng et al., unpublished data) . We report here the findings on occupational risk factors for asthma symptoms.
METHODS
We conducted a nationwide telephone survey of a random sample of the New Zealand population aged 20-64 years over a 2-year period (2004) (2005) (2006) . The detailed study methodology is described elsewhere (A. Eng et al., unpublished data) . Briefly, 10 000 potential participants were randomly selected from the Electoral Roll and sent a letter of invitation to take part in a telephone interview. The interview obtained information on lifetime work history (for jobs with minimum 6 months duration), current exposures and workplace practices, and questions on selected health outcomes, including respiratory symptoms. Respiratory symptoms were assessed using a standardized questionnaire based on the European Community Respiratory Health Survey (ECRHS; Burney et al., 1994) .
Occupations were coded using the New Zealand Standard Classification of Occupations (NZSCO) 1999 (Statistics New Zealand, 2001 ). Overall asthma prevalence was estimated using the definition from the ECRHS (Burney et al., 1994) , which is based on the proportion of participants answering 'yes' to 'woken by an attack of shortness of breath in the past 12 months', 'asthma attack in the past 12 months', or 'current asthma medication'. This is hereafter referred to as 'current asthma'. This definition has been widely used in previous population-based studies (Fishwick et al., 1997; Kogevinas et al., 1999) . In addition to 'current asthma', which includes childhood asthma caused by factors unrelated to occupational exposures later in life, we also investigated adult-onset asthma, which was defined as a first attack of asthma at age 18 years or older. Participants who had ever worked in a particular occupation in their lifetime were compared to those who had never worked in that occupation. We also repeated the analyses using (i) the workers' occupation at the time of asthma-onset for participants with adult-onset asthma versus a comparison group of workers who did not work in that particular occupation at the time of asthma-onset and (ii) the workers' longest-held occupation for the remaining participants versus a comparison group of workers whose longest-held occupation was different from the one studied. These approaches have been commonly used in occupational studies of work history data and they also attenuate the influence of the 'healthy worker effect' (see Discussion).
Prevalence odds ratios (ORs; Pearce, 2004 ) and 95% confidence intervals (CIs) were calculated using unconditional logistic regression in STATA v10.0 for all occupations, adjusting for age (continuous variable), sex, smoking (never, ex, current), and the 2001 deprivation index (a census-based index with a relative deprivation score assigned to each geographical meshblock in New Zealand: 1-least deprived to 10-most deprived). The selection of the a priori high-risk groups was based on those groups that had consistently shown increased risks in previous studies. Selection was generally based on findings from population-based studies rather than studies of specific subgroups. For example, while an excess risk in food processors has been identified in a few studies, the majority of studies on this topic are of specific processes, e.g. seafood processing.
RESULTS
Of the 10 000 letters of invitation, 1209 were returned to sender and 637 potential participants were classified as ineligible. Of the remaining 8154 eligible individuals, 2719 did not respond to up to three invitation letters. Of those we could contact, 3003 took part in the interview (an additional seven questionnaires were missing and therefore excluded) and 2425 refused to take part. The contact rate (number of successful contacts made/total eligible sample) was 67%, the response rate (number interviewed/ total eligible sample) was 37%, and the interview rate (number interviewed/interviewed plus refused) was 55%. The characteristics of the study sample are presented in Table 1 . The current analyses were based on 2903 participants excluding those with missing information on smoking or deprivation. The overall prevalence of current asthma was 17% (16% in men and 18% in women) and the prevalence of adult-onset asthma was 9% (6% in men and 12% in women). Information on longest-held occupation was missing for five participants. Of the 269 participants with adult-onset asthma, occupation at the time of onset was available for 218 participants.
Of the nine major NZSCO groups, the only statistically significant elevated risk was observed for ever working in an elementary occupation (NZSCO Group 9), which includes cleaners, labourers, packers, and rubbish collectors (OR 5 1.36; 95% CI 5 1.08-1.71; data not shown). When we used longest-held occupation (rather than occupation ever-held), the risk increased to OR 5 1.56 (95% CI 5 1.03-2.36). An excess risk in this group was not observed for adult-onset asthma.
The findings for the a priori high-risk occupational groups for current and adult-onset asthma are presented in Table 2 . Adjustment for other a priori high-risk occupations had a negligible effect on the results. Most a priori high-risk occupations were positively associated with current asthma, although only some of the findings were statistically significant because of the small numbers in some occupational categories. Printers demonstrated statistically significant elevated risks for both current and adult-onset asthma; the greatest risks were for longest-held occupation. Ever being employed as a sawmill labourer showed statistically significant excess risks of current asthma (OR 5 3.26; 95% A reduced risk of current asthma was observed for ever working as a dairy farmer (OR 5 0.42; 95% CI 5 0.20-0.86). However, market-oriented animal producers showed an excess risk of adult-onset asthma for ever working in this occupation (OR 5 1.66; 95% CI 5 1.14-2.41) and a non-significant excess for working in this occupation for the longest duration (OR 5 1.51; 95% CI 5 0.87-2.62). A statistically significant increased risk of adult-onset asthma was also observed for ever working in the other agricultural workers group (OR 5 2.08; 95% CI 5 1.03-4.20), which includes shepherds, wool classers, and shearing shed hands. Welders and flamecutters showed non-significant increased risks of current asthma for ever working in this occupation (OR 5 2.41; 95% CI 5 0.90-6.51) and for working in this occupation for the longest duration (OR 5 1.63; 95% CI 5 0.17-15.79). Although the numbers were small, non-significant excess risks were also observed for adult-onset asthma for ever working in this occupation (OR 5 1.67; 95% CI 5 0.37-7.45) and for working in this occupation for the longest duration (OR 5 4.77; 95% CI 5 0.48-47.76). Field crop and vegetable growers also showed non-significant elevated risks of both current and adult-onset asthma. In addition, non-significant increased risks of adult-onset asthma were shown for both ever working as a cattle farmer (OR 5 3.02; 95% CI 5 0.80-11.35) and longest-held occupation as a cattle farmer (OR 5 2.93; 95% CI 5 0.57-15.15), although the numbers were very small.
Several occupations not previously considered high risk for asthma were identified (Table 3) . Among teaching professionals, secondary school The New Zealand Workforce Survey II teachers showed increased risks of current asthma for ever working in the occupation (OR 5 1.92; 95% CI 5 1.23-2.98) and for working in the occupation for the longest duration (OR 5 1.78; 95% CI 5 1.00-3.18); other teaching professionals also showed elevated risks of both current and adult-onset asthma with ORs ranging from 2.30 to 8.12. Stock clerks showed statistically significant elevated risks for adult-onset asthma and for ever working as a stock clerk for current asthma. Ever being employed as a food processor increased the risk of current (OR 5 1.59; 95% CI 5 1.06-2.40) and adult-onset asthma (OR 5 1.62; 95% CI 5 0.95-2.77), particularly for baked goods and cereals producing machine operators. Labourers had an excess risk of current asthma for ever working as a labourer (OR 5 1.54; 95% CI 5 1.12-2.10) and longest-held occupation as a labourer (OR 5 1.78; 95% CI 5 0.87-3.63). Ever working as a chef or police officer also showed statistically significant increased risks of current asthma. Within the finance and sales group, technical representatives, buyers, and purchasing agents all demonstrated excess risks of current and adult-onset asthma, although not all were statistically significant. Tailors and dressmakers and bricklayers and stonemasons also demonstrated non-significant excess risks of current and adult-onset asthma.
DISCUSSION
This population-based survey has shown elevated risks of asthma in a number of occupations previously identified as 'high-risk', and has also identified a number of 'new' occupations with elevated risks. In particular, printers, bakers, and sawmill labourers were identified as high-risk occupations for current or adult-onset asthma. Elevated risks of current asthma were observed for metal processing plant operators and cleaners, and associations were identified between adult-onset asthma and market-oriented animal producers and other agricultural workers. Excess risks were also consistently demonstrated for welders and flamecutters and field crop and vegetable growers, although the findings were not statistically significant. In most cases, the results were stronger for longest-held occupation. A posteriori occupations that demonstrated elevated risks of both current and adult-onset asthma included stock clerks, food processors (particularly, baked goods and cereals producing machine operators), technical representatives, and other teaching professionals.
The implications of the low response rate on the representativeness of the sample are discussed in A. Eng et al. (unpublished data) . Briefly, although the response rate was relatively low, we have adjusted for possible determinants of non-response, including age, sex, smoking, and deprivation, and it therefore appears unlikely that our findings are strongly affected by response bias. As with many previous studies (Vermeulen et al., 2002; Johnson et al., 2006) , asthma was self-reported, but the questions used have good validity relative to clinical asthma (Pekkanen and Pearce, 1999) . In addition, the estimated prevalence of 'current asthma' (17%) is similar to that from previous New Zealand surveys where response rates were higher (Douwes et al., 2006) and is also similar to that reported by the New Zealand Asthma and Respiratory Foundation (Holt and Beasley, 2001) . Furthermore, as the asthma symptom questionnaire was part of a wider workforce survey, selection on the basis of asthma symptoms is unlikely. The primary analyses involved comparisons of ever having worked in an occupation with never having worked in that particular occupation; thus, the reference group contains other high-risk occupations that could have biased the results. However, this 'ever versus never' comparison is commonly applied in occupational studies using work history data, and if it does result in any bias, then it is likely to lead to an underestimation of risk. We also adjusted for other high-risk occupations in the analyses and this only had a small effect on the results. Furthermore, there are several potential problems with selecting a single reference group including: (i) weak statistical power to detect associations due to small numbers, particularly for the 'ever worked' analyses where the comparison group would be restricted to participants who worked exclusively in 'unexposed' occupations in their lifetime; (ii) issues of bias arising from comparing to an 'unexposed' group who are likely to differ on a number of factors other than the one under study; and (iii) previous studies have acknowledged that the assumption of lack of exposure in the reference group is not entirely plausible (Karjalainen et al., 2002) . Moreover, this study has identified several a posteriori occupations with an increased risk of asthma (e.g. teachers and certain sales professionals) that would have been included in the 'unexposed' reference group if we had used one. We studied a large number of occupational groups and it is therefore possible that some of our results (particularly for the a posteriori findings) may have been due to chance. Nevertheless, several of the a priori occupational groups identified in our analyses have been consistently reported by other studies to be at high-risk of asthma, and the consistency of excess risks in certain occupations in this study independent of the disease definition (current asthma versus adult-onset asthma) and exposure definition (ever-held occupation versus longest-held occupation or occupation at time of asthma onset) used suggests that the findings are relatively robust.
Finally, we acknowledge that the definition of asthma used in this study does not permit us to make a distinction between new-onset asthma and preexisting asthma exacerbated by work. The aim of the study was to conduct exploratory analyses to identify occupations at high risk of asthma and determining whether the observed excess risks are due to new cases of asthma or pre-existing asthma exacerbated by work will require more detailed, longitudinal studies.
This study has several important strengths. In contrast to the population-based ECRHS studies, which assessed current occupation, one advantage of this study is that we were able to collect lifetime occupational data and thus longest-held occupation. While it is still possible that some of the excess risks observed could reflect the self-selection of subjects into 'low-exposed' occupations, using the lifetime work history reduces this potential bias, as well as more generally reducing the influence of the 'healthy worker effect'. In addition, although several longitudinal studies on occupational risk factors for incident asthma have been conducted in Finland (Karjalainen et al., 2001 (Karjalainen et al., , 2002 , these have involved a limited follow-up (e.g. 13 years in these studies) and only examined occupation at specific points in time (i.e. at the start of the three census-based cohorts) in comparison to our lifetime work history approach. Another advantage of the current study is that we collected information on lifestyle factors and were thus able to adjust for smoking.
Our population-based study has confirmed previous studies showing elevated risks in a number of well-known high-risk occupations. In particular, increased risks of asthma in bakers (Houba et al., 1998; Brisman, 2002) , sawmill workers (Demers et al., 1997; Douwes et al., 2001; Schlunssen et al., 2002; Douwes et al., 2006) , welders and flamecutters (Bradshaw et al., 1998; Toren et al., 1999; Fishwick et al., 2004; Hammond et al., 2005) , metal workers (Kogevinas et al., 1999; Karjalainen et al., 2002; Vermeulen et al., 2002; Jaakkola et al., 2003) , elementary occupations (Kraut et al., 1997; Arif et al., 2003) , and cleaners (Kogevinas et al., 1999; Zock et al., 2001; Arif et al., 2003; Medina-Ramon et al., 2003) have been documented extensively by others. Causal exposures have been identified for some occupations, e.g. flour dust for bakers (Houba et al., 1998; Brisman, 2002 ) and hard and softwood dust for sawmill workers (Demers et al., 1997) . In general, the a priori findings are similar to those of population-based studies in other industrialized countries, particularly the ECRHS (Kogevinas et al., 1999) and studies from Spain (Kogevinas et al., 1996) , Finland (Karjalainen et al., 2000 (Karjalainen et al., , 2002 , and the Netherlands (Vermeulen et al., 2002) . The ECRHS found elevated risks of current asthma for metal-making workers and an increased risk of asthma was reported among cleaners in 11 out of the 12 countries studied (Kogevinas et al., 1999) . The Spanish component of the ECRHS found an excess risk of current asthma for bakers and welders, solderers and electronic assemblers (Kogevinas et al., 1996) . The Dutch study also reported elevated risks of current asthma symptoms for workers in the metal and printing industries (Vermeulen et al., 2002) . Several Finnish studies have investigated adult-onset asthma, one of which reported that welders and bakers had relatively high incidences of occupational asthma (Karjalainen et al., 2000) . Another Finnish study of the entire employed population reported an excess of adult-onset asthma in bakers for both men and women and in metal workers for men (Karjalainen et al., 2002) .
Relatively few studies have identified printing as a high-risk industry for respiratory symptoms (Ng et al., 1994; Vermeulen et al., 2002; Bang et al., 2005) . Exposure to solvents, acrylic resins, dyes, glues, sealants, vegetable gum, and paper dust may occur, but it is unclear what the main risk factors are. The evidence for farmers is less consistent with some studies suggesting that farming is a risk factor and others suggesting that it may be protective against asthma (Fishwick et al., 1997; KimbellDunn et al., 1999; Kogevinas et al., 1999; Douwes et al., 2007) . The ECRHS consistently found elevated risks of current asthma symptoms for farmers across the 12 participating countries with an overall risk of OR 5 1.73 (95% CI 5 1.00-3.01; Kogevinas et al., 1999) . The New Zealand component of the ECRHS reported an excess risk of asthma symptoms of OR 5 1.95 (95% CI 5 0.74-5.11) compared to the professional, administrative, clerical, and service group (Fishwick et al., 1997) . On the other hand, a cross-sectional survey of a random sample of New Zealand farmers found a lower overall prevalence of asthma in farmers compared to the general population (Kimbell-Dunn et al., 1999) . However, in this study, asthma prevalence was higher for horse breeders/groomers, pig farmers, poultry farmers, those working with oat crops, and those involved in grain processing. This is to some degree consistent with our finding of an excess risk of adult-onset asthma in market-oriented animal producers and (non-significant) elevated risks of both current and adult-onset asthma in field crop and vegetable growers. This latter occupational group also includes greenhouse workers who have previously been shown to have an increased risk of asthma (Radon et al., 2002; Monso, 2004; Kronqvist et al., 2005) . A more recent cross-sectional study conducted in New Zealand reported that farmers were less likely to have asthma symptoms, with no significant differences between dairy, sheep and beef, and horticultural farmers (Douwes et al., 2007) . Other recent studies have also shown protective effects of farming on asthma [reviewed in Douwes et al., (2009) ]. These mixed results may be explained by the hypothesized differential effect of farming on different asthma phenotypes, with farming exposures potentially being a risk factor for non-allergic asthma and a protective factor for allergic asthma (Douwes et al., 2009) . Some evidence for this was found in a recent study in Norway where farming was positively associated with non-atopic asthma but inversely associated with atopic asthma (Eduard et al., 2004) . This differential effect may explain why we found some farming groups (field crop and vegetable growers) to have a higher risk of asthma and others (dairy farmers) to have a reduced risk.
The surprising finding of elevated risks in teachers and sales professionals warrants further investigation to determine whether these associations are real or chance findings. The increased risks could also reflect the self-selection of subjects with asthma into these occupations because they believe these workplaces will not exacerbate their symptoms. Alternatively, teachers are more likely to be exposed to certain asthma risk factors such as viral infections, indoor allergens, and volatile organic compounds (Daisey et al., 2003) . Using data from the Third National Health and Nutrition Examination Survey in USA, Arif et al. (2002) found an increased risk of work-related asthma among workers in the educational services (OR 5 2.54; 95% CI 5 0.94-6.86). Further analyses of the same data examining specific occupational groups found a non-significant excess risk for teachers (OR 5 2.05; 95% CI 5 0.71-5.92) (Arif et al., 2003) . The state-based Sentinel Event Notification System for Occupational Risks (SENSOR) in USA indicated that for 1993-1999, overall, the educational services industry was the third most frequently reported industry associated with work-related asthma [cited in Mazurek et al. (2008) ]. Further analyses of the SENSOR data reported that 9% of work-related asthma cases were in the educational services industry. The most 162 A. Eng et al. frequently reported agents for cases in this industry were indoor air pollutants (28%), unspecified mould (16%), dusts (14%), and cleaning products (7%). Overall, work-related asthma cases from elementary and secondary schools accounted for nearly three quarters of all work-related asthma cases in the educational services (Mazurek et al., 2008) . The excess risk observed in food processors is consistent with the findings of the New Zealand part of the ECRHS, which found that food processors other than bakers had a more than 2-fold increased risk of current asthma (OR 5 2.14; 95% CI 5 0.94-4.86; Fishwick et al., 1997) . A populationbased Finnish study also reported a high incidence rate of occupational asthma for other food manufacturing workers (Karjalainen et al., 2000) .
There is limited evidence on the risk of asthma symptoms in sales workers. Examining the industry in addition to the occupation may provide some insight into the excess risks observed in this group. Although the evidence is sparse, other populationbased surveys have also identified excess asthma risks in the protective services industry (Arif et al., 2003) and in stock clerks (LeMoual et al., 2004) .
In summary, this population-based study has identified several high-risk occupations for asthma symptoms. Elevated asthma risks were consistently found for printers, bakers, and sawmill labourers, which is consistent with findings of studies in other westernized countries. A number of occupations were identified that have not been previously associated with asthma risk, suggesting that the risk of occupational asthma may be more widely spread across the workforce than previously assumed.
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